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Fig.８Effectofsuperficialgasvelocityonprofiles
ofgasholdupandliquidvelocity
Fig.９Effectofliquiddepthtocolumndiameter
ratioonprofilesofgasholdupandliquidvelocity
radialpositionsshowingamaximumingasholdup
andupwardliquidvelocitymovetowardsthecolumn
centerwithincreasingliquiddepthanddecreasing
columndiameteEnamelyasH/DTincreases．At
higherHⅡＤ刀ｔｈｅｒｅｉｓａｃｅｎｔｒａｌｍａｘｉｍｕｍｉｎｂｏｔｈｇａs
holdupandliquidvelocity；thesephenomenaare
commonlynoticedfbrtheusualbubblecolumnwitha
deeppoolofliquidTheH/Drvalueatthetransition
fiFomtheplatecolumntothebubblecolumnregimeis
deducedtobearoundunityb
Hills（1974）andMiyauchieM/､（1970）studied
radialgasholdupinbubblecolumntheoretically
usingthetheoryofcilCulation・HoweveEthistheory
reqUirestheuseofsomeunknownvariables・
Therefbre,MiyaharaeMﾉ.（1989）triedtocolrelate
profilesofgasholdupinthemiddlefiothregionby
thefbllowingequations．
〃＝0.3月~'＋１．８，忽-0.05
"-ＭD"Ｗ,
(29）
(30）
FigurelO，obtainedbyMiyaharaeML（1989)，
showsacomparisonofresultscalculatedusingEqs．
(24）ａｎｄ（25）withtheexperimentalmeasurements・
Thecalculatedcurvescomparefavorablywiththe
measurementsexceptｆｂｒｔｈｏｓｅｗｈｅｒｅＨＤ７＝1.01．
Forthesakeofcomparison，theempiricalresultsof
Katohemﾉ.（1975）fbrbubblecolumnsareshownin
thesaｍｅｇｒａｐｈ
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FiglOComparisonbetweencalculatedand
experimentalmeasurements
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ConcludingRemarks
lnperfbratedplatecolumnswithgasbubblesasa
discretephase，ｔｈｅｆｉｏｔｈｒｅｇｉｍｅｆｂｒｍｅｄｂｙｂｌｏｗｉｎｇ
ｇasintoshallowliquidonaperfbratedplatecanbe
dividedintothreeregionsalongtheaxialdirection：
bubblefbrmationregion，middleregionandupper
layerregionTheaxialprofileofgasholdUpbased
ontheoreticalanalysisincludingtheeffectofthenear
wakeofbubbletakingintoaccounttheEuler，s
equationbymeansofthecalculusofvariationagrees
withthemeasurementsbetterthanthatobtainedby
AzbeLThemeangasholdupisbetterexprcssedby
thetheoreticalequationderivedfiomtheaxialprofile
oｆｇａｓｈｏｌｄ叩thantheresultsobtainedbyAZbeland
KimHoweveMhemeasurementsbehaveslightly
differentlyffomthetheoreticalequationTherefbre，
theempiricalequationswereobtaiｎｅｄＡｓｆｂｒｔｈｅ
ｒａｄｉａｌｇａｓｈｏｌｄｕｐａｎｄｌiquidcirculation，ｔｈｅｒｅｉｓａ
ｍａｘｉｍｕｍｉｎｔｈｅｇasholdupatacertainradial
positionwithacentralminimumunlikethebehavior
intheusualbubblecolumnThisbehavior
colTespondstothatofradialprofilesofliquidvelocityB
Sigmficantinfbrmationongashold叩andliqUid
circulationintheusualbubblecolumnisavailablein
theliterature，Ｍｏreworkisneeded，howeveLto
generalizethefluidflowdynamicsoffiothona
perfbratedplate．
＝bubblevolume,ｍ３
＝ｗａｋｅvolume,ｍ３
＝distancefiomaperfbratedplate,、
９
％
瓜
Ｚ
＝gasholdup
＝meangasholdUP
＝gasholdupatthecenter
＝maximumgasholdup
＝liqUidholdup
＝angle,rad
＝Lagrangemultiplier
＝gasdensity§ｋg/ｍ３
＝liqUiddensityｩｋg/ｍ３
＝surfacetension,Ｎ/、
妃一町岫蜥ｑ０入ｐｐｏ
ｇ
Ｉ
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Notation
a＝radiusofsphericalcapbubble,ｍ
Ｄ７＝columndiametenm
ciEt＝kineticenelgyofelementarylayerperunit
cross-sectionalarea,ｋg/ｓ２
必＝potentialeneWofelementaIylayerperumtcross-sectionalarea,ｋg/s2
CZE，＝energyofsurfacetensionofelementarylayer
perunitcross-sectionalarea,ｋg/ｓ２
Ｅ１＝totalenergyperunitcross-sectionalarea，ｋg/s２
Ｆ＝fimctiondefinedbyEq.(13),kg/(ms2）丹＝Fmudenumber{=､【;g/(gH)｝９＝gravitationalacceleration,ｍ/s２
Ｇ＝fimctiondefinedbyEq.(14),kg/(ms2）
Ｈ＝liqUiddepth,ｍ
ﾉi／＝fiothhcight,ｍ
Ｌ＝measulingheight,ｍ
〃＝numberofbubbleinunitvolume,ｍ－３
〃＝exponentinEq.(29）
"’＝exponentinEq.(30）
ﾊル＝constantdefinedbyEq.(3)
尺＝columnradius,ｍ
ア＝radialdistance,ｍ
ｌｂ＝７atmaximumgashold叩,ｍ
８＝surfaceareaofasphericalcapbUbble,ｍ２
Ｄｂ＝bUbblerisevelocity9m/S
Uk。＝superficialgasvelocitybm/ｓ
"ノ＝upwardliquidvelocity;ｍ/ｓ
